CIE Test Cases — Bewertung der Genauigkeit von softwarebasierter Lichtberechnung by Liedtke, Carolin
CIE TEST CASES —
BEWERTUNG DER GENAUIGKEIT VON 
SOFTWAREBASIERTER LICHTBERECHNUNG 
Dipl.-Ing. Carolin Liedtke
Technische Universität Berlin, FG Lichttechnik
Ergebnisse der CIE Test Cases - Stand Oktober 2013,
Für Dialux 4.11, Relux Pro 2013.1.3.0
Expertenforum Innenbeleuchtung EFI
Kolloquium über optische und lichttechnische Fragen 
TU Berlin, E 020
05.02.2014, 17:15 Uhr
This version is available at http://dx.doi.org/10.14279/depositonce-8493 
This work is licensed under a CC BY 4.0 License (Creative Commons Attribution 4.0 International). 
For more information see https://creativecommons.org/licenses/by/4.0/.
Agenda
CIE Test Cases
• Hintergrund
• Struktur & Vorgehensweise
• Szenarien mit experimentellen Referenzdaten
• Szenarien mit analytischen Referenzdaten
• Zusammenfassung
Ausblick
2Deutsche Lichttechnische Gesellschaft e.V.
CIE Test Cases
Wie akkurat sind die berechneten lichttechnischen Größen?
→ Entwicklung von Test-Szenarien
1999 Fontoynont et.al.
Erster standardisierter Test (IEA –SHC Task 21/ECBCS Annex 29)
Ergebnis: großer Einfluss durch die Qualität der Eingabedaten
2003 Maamari & Fontoynont
Entwicklung eines Test-Szenarien-Sets
Beispielhafter Vergleich von Lightscape & Relux Professional 2004
Basis für die Entwicklung der CIE Test Cases
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CIE Test Cases
CIE “Test Cases to assess the Accuracy of Lighting
Computer Programs“, Technical Report, TC. 3.33 April 2005
CIE 171:2006: “Test Cases to assess the Accuracy of 
Lighting Computer Programs”, ISBN 9783901906473 
„Anleitung für Entwickler und Nutzer […] zur Beurteilung der 
Genauigkeit lichttechnischer Computerprogramme und zur 
Ermittlung eventueller Schwächen“
Vorschlag eines Berechnungsverfahrens zur getrennten Prüfung 
einzelner Aspekte der Lichtausbreitung
Referenzdaten auf experimenteller und analytischer Basis 
Beschreibung des Vorgehens und der Auswertung
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CIE Test Cases - Gültigkeit
• Innenbeleuchtung
• Künstliche Beleuchtung und Tageslicht
• Direkte und Indirekte Beleuchtung
• Berechnungen mit Radiosity und Raytracing
Unzureichend für
• Gerichtetes Licht
• Berücksichtigung spektral abhängiger Größen
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CIE Test Cases - Übersicht
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4.1 
CFL, grey
5.2
Point light 
sources 5.6 
Light reflection
over diffuse 
surfaces
5.9 SC (roof 
unglazed opening)
Sun patches
Specular reflections
4.2
Opal, grey
5.3 
Area light 
sources
Transmission 
through ideal glazing5.10 SC 
(roof glazed 
opening) Reflection on bi-
directional glazing
4.3 
Semi-specular, 
grey
5.4 
Flux 
conservation
5.7 
Diffuse reflection 
with internal 
obstructions
5.11
SC + ERC (façade 
glazed opening)
Spectral calculation
External illuminance 
variation4.4 CFL, black
4.5 Opal, black
5.5 
Directional 
transmittance 
of clear glass
5.8 
Internal reflected 
component 
calculation for 
diffuse surfaces
5.12 / 5.13 
SC + ERC (unglazed 
façade opening) 
with continuous 
horizontal/
vertical mask
Variation of external 
illuminance (date)
4.6 
Semi-specular,
black
Leaks into enclosed 
areas
Artificial lighting scenario Daylighting scenario
Experimental test case Analytical test case Proposed test case
CIE Test Cases – Auswahl für Test
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Experimental Test Cases
4.1 CFL, grey
4.2 Opal, grey
4.3 Semi-specular, grey
4.4 CFL, black
4.5 Opal, black
4.6 Semi-specular, black
Analytical Test Cases
5.2 Point Light Sources
5.3 Area Light Sources
5.4 Flux Conservation
5.8 Internal reflected component calculation for diffuse surfaces
Experimental Test Cases
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Experimental Test Cases
4.1 CFL, grey
4.2 Opal, grey
4.3 Semi-specular, grey
4.4 CFL, black
4.5 Opal, black
4.6 Semi-specular, black
Analytical Test Cases
5.2 Point Light Sources
5.3 Area Light Sources
5.4 Flux Conservation
5.8 Internal reflected component calculation for diffuse surfaces
Vorgehensweise
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Testszenarien 
für 
experimentelle 
Referenzdaten
Validierungs-
ergebnis
Test-Szenario für eine 
Beleuchtungssituation
Abgleich: Ergebnisse in 
Unsicherheitsbereich?
zu validierende 
Software
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Referenzdaten
(experimentell ermitttelt)
Ergebnisdaten aus Test-
Software
R  Test-Szenario
Q Test-Szenario
Q Test-Szenario
R Test-Szenario
Q Test-Szenario
 R Test-Szenario
Messdaten + 
Fehlerbetrachtung 
(Messunsicherheit, 
Simulationsfehler, 
Standardabweichung)
Exakte Beschreibung 
des Experiments 
(Geometrie, Material, 
Lichtquelle(n), Lage 
Messpunkte)
Experimentelle Referenzdaten
Experimental Test Cases 4.1-4.6
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4.1
4.4
4.2
4.5
4.3
4.6
Aim To assess simulation against measurements in real scenes
Measured 
parameter Illuminance values in a 7x7 grid
Result Point illuminance valuesAverage illuminance
S
et
tin
g
Room geometry 6,78 m x 6,72 m x 3,24 m
Measurement 
grid 7 x 7 at 0,8 m height
Luminaire 
position
L1 (1,695 m; 5,04 m; 3,14 m) L2 (1,695 m; 1,68 m; 3,14 m)
L3 (5,085 m; 5,04 m; 3,14 m) L4 (5,085 m; 1,68 m; 3,14 m)
(Exception: 4.2/4.5 height 3,2 m)
Luminous flux 
input
L1 (2182 lm) L2 (2196 lm) L3 (2203 lm) L4 (2182 lm) (4.1, 4.4)
L1 (1850 lm) L2 (1830 lm) L3 (1870 lm) L4 (2110 lm) (4.2, 4.5)
L1 (4088 lm) L2 (4175 lm) L3 (4135 lm) L4 (4114 lm) (4.3, 4.6)
Va
ri
ed
pa
ra
m
et
er LID CFL LID, Opal LID, Semi-specular LID (Annex A )
Reflectance
Ceiling (70%), Wall (41%), Floor (6%) (4.1)
Ceiling (70%), Wall (52%), Floor (6%) 4.2, 4.3) 
Ceiling (3%), Wall (4%), Floor (6%) (4.4, 4.5, 4.6) 
Experimental Test Cases 4.1-4.6
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Experimental Test Cases 4.1-4.6
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Measurement Errors Effect on average illuminance %
Effect on direct 
point illuminance %
Sensors
Cosine correction 0.5 2
Colour correction 1 1
Calibration 2 3
Repeatability of position 0 3
Leveling 0 2
Photometry factors affecting measurement
Lumen output – temp 2 2
Lumen output – power 1 1
Room factors
Dimensions and irregular 
features 0.5 0.5
Luminaire positions 0 2
Measurement positions 0 2
Surface reflectance 2 2
Total measurement error 3.8 6.7
Table 2: Measurement Error Estimates [CIE 171:2006]
Experimental Test Cases 4.1-4.6
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Simulation 
Errors
Effect on 
average 
illuminance 
%
Effect on 
direct point 
illuminance 
%
Photometry factors affecting 
simulations
Output distribution 0 5
Lumen output 5 5
Output photometry v. real situation
Intervals in TM 14 
format 0 4
Total Expectation 
of error 6.3 10.5
Figure 1: Recommended graphical 
presentation of experimental 
measurements [CIE 171:2006]
Table 3: Total Expectation of Errors [CIE 171:2006]
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Experimental Test Cases 4.1-4.6
4.1 CFL luminaires – Grey walls
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Relux
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Experimental Test Cases 4.1-4.6
4.2 Opal luminaires – Grey walls
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Experimental Test Cases 4.1-4.6
4.3 Semi-specular luminaires – Grey walls
Dialux
Relux
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±2x6,7%±2x10,5%
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Experimental Test Cases 4.1-4.6
4.4 CFL luminaires – Black walls
Dialux
Relux
0/49 49/49 0/49
0/49 49/49 0/49
±2x6,7%±2x10,5%
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Experimental Test Cases 4.1-4.6
4.5 Opal luminaires – Black walls
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Experimental Test Cases 4.1-4.6
4.6 Semi-specular luminaires – Black walls
Dialux
Relux
0/49 49/49 0/49
0/49 46/49 3/49
±2x6,7%±2x10,5%
Experimental Test Cases 4.1-4.6
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4.1
in lx
4.2
in lx
4.3
in lx
4.4
in lx
4.5
in lx
4.6
in lx
Upper limit (Rf.) 112,0 67,5 254,2 37,5 51,1 228,5
Dialux
(Simulated Mean 
Room Illuminance)
91 54,0 238 36 43 217
Relux
(Simulated Mean 
Room Illuminance)
91 54,5 237 35,6 43,2 216
Lower limit (Rf.) 88,0 53,1 199,8 29,5 40,1 179,5
measurement +/- 2x6,3%
Vorgehensweise
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Analytische Referenzdaten
Testszenarien 
für analytische 
Referenzdaten
Validierungs-
ergebnis
Test-Szenario für 
spezifischen 
lichttechnischen 
Aspekt
Abgleich: 
prozentuale 
Abweichung 
von Referenz?
zu 
validierende 
Software
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Test-Szenario
Referenzdaten
(analytisch 
berechnet)
Ergebnisdaten 
aus Test-
Software
R  Test-Szenario
Q Test-Szenario
Q Test-Szenario
R Test-Szenario
Q Test-Szenario
 R Test-Szenario
Exakte Beschreibung 
des theoretischen 
Settings (Geometrie, 
Material, 
Lichtquelle(n), Lage 
Referenzpunkte); 
Berechnungsverfahren
 Berechnete 
Ergebnisse je 
nach Aspekt
Analytical Test Cases 5.2 / 5.3
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Experimental Test Cases
4.1 CFL, grey
4.2 Opal, grey
4.3 Semi-specular, grey
4.4 CFL, black
4.5 Opal, black
4.6 Semi-specular, black
Analytical Test Cases
5.2 Point Light Sources
5.3 Area Light Sources
5.4 Flux Conservation
5.8 Internal reflected component calculation for diffuse surfaces
Analytical Test Cases 5.2/5.3
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Aim
To assess the capability of software to calculate 
the direct illuminance under
a point light source an area light source
described by a photometric distribution file
Measured 
parameter
Direct point illuminance 
at 10 positions (h)
Direct point illuminance 
at 14 positions (h / v)
Result Relative error
S
et
tin
g Room geometry 4,0 m x 4,0 m x 3,0 m
Reflectance Ceiling, Wall, Floor ρ = 0 %
Luminaire position 2,0 m; 2,0 m; 3,0 m
Luminaire size 1 x 1  mm 1000 x 1000 mm
Va
ri
ed
pa
ra
m
et
er
LID Lambertian LID (3142 lm, I0 = 1000 cd)CIE general sky type 9 (3459 lm, I0 = 1000 cd)
Analytical Test Cases 5.2/5.3
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Figure 3: Direct illuminance calculation [CIE 171:2006]
Figure 7: Geometry and measurement 
points description [CIE 171:2006]
5.2
5.3
Analytical Test Cases 5.2/5.3
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-3.0%
-2.0%
-1.0%
0.0%
1.0%
2.0%
3.0%
A B C D E F G H I J
Analytical reference: 
49,39 ... 111,11 lx
-3.0%
-2.0%
-1.0%
0.0%
1.0%
2.0%
3.0%
A B C D E F G H I J K L M N
Analytical reference: 
32,68 ... 105,89 lx
Dialux ± uncertainty
Relux ± uncertainty
Point Light Source
Lambertian LID
R
el
at
iv
e 
er
ro
r
R
el
at
iv
e 
er
ro
r
5.2
5.3
Area Light Source
Lambertian LID
Analytical Test Cases 5.2/5.3
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Dialux ± uncertainty
Relux ± uncertainty
R
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5.2
5.3
-3.0%
-2.0%
-1.0%
0.0%
1.0%
2.0%
3.0%
A B C D E F G H I J
Analytical reference: 
61,16 ... 124,08 lx
Point Light Source
Asymmetrical LID
-3.0%
-2.0%
-1.0%
0.0%
1.0%
2.0%
3.0%
A B C D E F G H I J K L M N
Analytical reference: 
47,39 ... 127,039 lx
Area Light Source
Asymmetrical LID
Analytical Test Cases 5.4 / 5.8
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Experimental Test Cases
4.1 CFL, grey
4.2 Opal, grey
4.3 Semi-specular, grey
4.4 CFL, black
4.5 Opal, black
4.6 Semi-specular, black
Analytical Test Cases
5.2 Point Light Sources
5.3 Area Light Sources
5.4 Flux Conservation
5.8 Internal reflected component calculation for diffuse surfaces
Analytical Test Case 5.4
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Aim To assess the luminous flux 
conservation between the light 
source and the internal surfaces 
of a space
Measured 
parameter
Average illuminance at room 
surfaces
Result Rs = φi / φo
Error (%) = 100*(Rs - 1)
S
et
tin
g Room geometry 4,0 m x 4,0 m x 4,0 m
Reflectance Ceiling, Wall, Floor ρ = 0 %
Luminaire position 2,0 m; 2,0 m; 4,0 m
Luminous flux input2500 lm
Va
ri
ed
pa
ra
m
et
er LID Lambertian LIDMiddle beam LID
Measurement grid / 
Calculation mode
Relux (grid spacing: 0,53; 0,1)
Dialux
(mode: standard; very accurate)
Analytical Test Case 5.4
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Dialux (all modes)
Relux (grid 0,1)
Relux (grid 0,53)
-6.05%
-1.63%
1.12%
-10%
-5%
0%
5%
10%
Lambertian LID
R
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iv
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ro
r
-6.43%
-0.80%
0.48%
-10%
-5%
0%
5%
10%
Middle Beam LID
R
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at
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r
Analytical Test Case 5.8
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Aim To assess the accuracy of the diffuse inter-reflections inside a room
Measured 
parameter Average indirect illuminance at room surfaces
Result error (%) = 100*(Ēind, Simulation /Ēind, Analytical – 1)
S
et
tin
g
Room geometry 4,0 m x 4,0 m x 4,0 m
LID Isotropic LID
Luminaire 
position 2,0 m; 2,0 m; 2,0 m
Luminous flux 
input 10.000 lm
Va
ri
ed
pa
ra
m
et
er
Reflectance
Ceiling, Wall, Floor 
ρ = 0; 5; 10; 20; 30; 40; 50; 60; 70; 80; 90; 
(95) %
Calculation 
mode
Relux (Low , average & high indirect fraction)
Dialux (Standard; very accurate)
Analytical Test Case 5.8
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-20.0%
-15.0%
-10.0%
-5.0%
0.0%
5.0%
10.0%
15.0%
20.0%
0% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95%
Dialux (very accurate mode) ± uncertainty
Relux (high indirect fraction) ± uncertainty
Analytical reference:
Average indirect illuminance
0,0 … 937 lx
Re
la
tiv
e 
er
ro
r
Room reflectance
Analytical Test Case 5.8
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-15.0%
-10.0%
-5.0%
0.0%
5.0%
10.0%
15.0%
0% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95%
Dialux (Very accurate) ± uncertainty
Dialux (Standard) ± uncertainty
Analytical reference:
Average indirect illuminance
0,0 … 937 lx
Room reflectance
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e 
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r
Analytical Test Case 5.8
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-80.0%
-70.0%
-60.0%
-50.0%
-40.0%
-30.0%
-20.0%
-10.0%
0.0%
10.0%
0% 5% 10% 20% 30% 40% 50% 60% 70% 80% 90% 95%
Relux (Low indirect fraction) ± uncertainty*
Relux (Average indirect fraction) ± uncertainty*
Relux (High indirect fraction) ± uncertainty
Re
la
tiv
e 
er
ro
r
Room reflectance
Analytical reference:
Average indirect illuminance
0,0 … 937 lx
* Additional information, officially not recommended to use for middle and high 
room reflectance (as the graph demonstrates)
Zusammenfassung
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Experimentell Analytisch
Einzelne Abweichungen bei
Punktbeleuchtungsstärken (± 2x6,7%)
(Graue Wände, Opale Leuchten)
Keine Abweichungen für Punkt- und 
Flächenlichtquellen (± 3%) für direkte
Beleuchtung (sym., asym.)
Keine Abweichungen bei mittlerer
Beleuchtungsstärke (± 2x6,3%)
Keine Abweichungen für
Lichtstromerhalt (± 2%) für direkte
Beleuchtung (Lamberstrahler, engstr.) 
! Relux: feines Raster
Keine Unterschiede zwischen Dialux
und Relux
→ Für Situationen mit “gleichmäßiger” 
LVK zur Berechnung horizontaler
Beleuchtungsstärken (direkt; 
direkt/indirekt bis ρ=70/52/6 %) 
innerhalb der Toleranz unkritisch
Einzelne Abweichungen für
Indirektanteil (± 10%)
! Rundung bei niedrigen ρ
! Dialux/Relux sehr genaue 
Berechnung
Unterschiedliche Einstellmöglichkeiten
für genaue Berechnung
→ kein einheitliches Urteil
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